An alcoholic 50-year-old male patient with a history of schizophrenia sustained stab wounds into both ventricles and left lung, and survived following an emergency department thoracotomy. The EDT wound, however became infected requiring serial debridements of soft tissue, rib cartilage and sternum. Regional flap options such as pectoralis major and latissimus dorsi muscle flaps could not be employed due to inadequate reach of these flaps. Additionally, bilateral transection of the internal mammary arteries during emergency thoracotomy eliminated the use of rectus abdominis muscles as pedicled flaps based on the superior epigastric vasculature. Therefore, the EDT wound was reconstructed by using the right rectus abdominis muscle as a free flap. The deep inferior epigastric vessels of the flap were anastomosed to the right internal mammary vessels proximal to their transection level in the third-forth intercostal space. The flap healed with no further wound complications.
Background
The use of the emergency department thoracotomy (EDT) is invaluable in salvaging critically injured patients [1] . Patients with penetrating cardiac wounds associated with cardiac tamponade have the highest EDT success, while the overall survival rate of EDT is 7.4% [1] .
The postoperative infection rate of EDT is not reported in the literature and we have no previous event at Denver Health Medical Center over the past 33 years. We present a 50-year-old male patient with an infected chest wall wound following an emergent anterolateral thoracotomy. Preoperative planning and management of this rare wound complication is reviewed in this report.
Case Presentation
A 50-year-old alcoholic male with a history of schizophrenia presented in profound shock to the Denver Health Emergency Department with stab wounds to the left thorax. 1.5 liter of blood was aspirated with an emergent pericardiocentesis and the patient underwent resuscitative anterolateral thoracotomy in the ED. The emergency thoracotomy was performed in the standard fashion, with an incision made along the left fifth intercostal space extending across the sternum. After cardiac repair and hemostasis, the incision was closed primarily. At ten days post-operatively, the patient developed a thoracotomy wound infection that cultured positive for methicillin resistant staphylococcus aureus. Despite appropriate antibiotics, the infection necessitated radical debridement of involved bone (lower part of the sternum and rib), cartilage and soft tissue. Vacuum-assisted closure device (KCI, USA, San Antonio, TX) was placed after each debridement. The wound after two debridements measured approximately 20 × 8 cm, and extended deep to the pericardium (Figure 1) . Location of the EDT wound however precluded use of pectoralis major or latissimus dorsi muscle flaps due to the inadequate reach of these flaps. A CT angiography of the internal mammary vasculature was performed to explore the potential use of a superiorly based rectus abdominis muscle flap for the wound reconstruction. However, it revealed interrup-tion of the contrast medium in the internal mammary vasculature at the level of the right seventh rib ( Figure 2 ) and left fifth-seventh rib ( Figure 3 ). Therefore, a free tissue transfer by using the right-sided rectus abdominis muscle flap was carried out for wound reconstruction. The deep inferior epigastric vessels, the vascular pedicle of the flap, were anastomosed to the right internal mammary vessels in the third-forth intercostal space proximal to the transection level for restoration of perfusion [2] 
Discussion
Wound complications associated with emergency thoracotomy have not been reported in the literature. In light of the almost non-existent infection rate, surgical debridement and the reconstruction of EDT wounds is rarely necessitated. The management of the complicated EDT wound was initiated by adequate surgical debridement and appropriate antibiotic treatment prior to definitive reconstruction. In addition, coverage especially with a muscle flap was planned to overcome the infection and to supplement the healing in such a wound with exposed heart.
The pectoralis major, the latissimus dorsi, the rectus abdominis, and omental flap are most frequently employed flaps in the chest and sternal region wound reconstruction [3, 4] . However, in our case, reconstruction of the thoracotomy wound presented several reconstructive challenges. The pectoralis major or latissimus dorsi muscle flaps were not suitable with regards to the location of the EDT wound. The omental flap was not employed to avoid laparotomy and associated risks. On the other hand, the rectus abdominis muscle could not be utilized since the superior epigastric vessels, the pedicle of a superiorly based flap, were found to be unreliable.
The superior epigastric artery originates from the internal mammary artery at the level of the seventh rib. Then, it descends between the costal and xiphoid slips of the diaphragm, anterior to the lower fibers of the transversus thoracis and transversus abdominis. Entering the rectus sheath, at first behind the rectus abdominis muscle and then perforating and supplying it, it anastomoses with the deep inferior epigastric branch of the external iliac [5] (Figure 4) .
The EDT procedure involved a knife incision along the inferior border of the pectoralis major muscle at the level of fourth or fifth intercostal space running from the bor- Figure 4 The anatomical illustration of the rectus abdominis muscles, the superior epigastric artery, the internal mammary artery, and the deep inferior epigastric artery: Line drawing that illustrates the anatomy of the rectus abdominis muscles, the superior epigastric artery, its relation with the internal mammary artery, and the deep inferior epigastric artery. The superior epigastric artery originates from the internal mammary artery at the level of the sixth and seventh rib. It then descends to enter the rectus sheath, at first behind the rectus abdominis muscle and then anastomoses with the deep inferior epigastric branch of the external iliac. IMA/V: The internal mammary artery and vein, SEA/V: The superior epigastric artery and vein, M: The musculophrenic branch, DIEA/V: The deep inferior epigastric artery and vein, EIA/V: The external iliac artery and vein, R: The rectus abdominis muscle, S: The sternum. Note that on the right side, the ribs have not been drawn to illustrate the course of the internal mammary vessels and their branching into the musculophrenic and the superior epigastric artery and vein. Additionally, the most proximal parts of the rectus abdominis muscles and first ribs on both sides have not been illustrated. der of the sternum to mid-axillary line. In our case, extension across the sternum to the right hemithorax was required for exposure of pleural, anterior, and mediastinal structures. Horizonal transection of the sternum during EDT required ligation of the internal mammary arteries, which lie approximately 1.57 ± 0.30 cm lateral from the right and 1.47 ± 0.30 cm lateral from the left of the sternal edge [6] .
Bilateral transection of the internal mammary vessels proximal to the terminal bifurcation during an EDT interrupted the superiorly based blood supply of the both rectus abdominis muscles, precluding the possibility of a superiorly based rectus abdominis flap from either side for wound reconstruction ( Figure 5 ). Therefore, we addressed the given limitations by utilizing a free flap reconstruction of the EDT wound. Because of the suitability with regards to its dimensions, proximity to the defect, and large caliber vascular pedicle, the rectus abdominis muscle was used as a free flap for wound reconstruction. The right internal mammary vessels proximal to the transection level were anastomosed to the deep inferior epigastric vessels (dominant pedicle) of the flap for perfusion.
In the event of rare EDT wound complication requiring reconstruction, the integrity and patency of the internal mammary vasculature must be carefully assessed for the potential use of rectus abdominis muscles as a pedicled flap. Nevertheless, the possibility of using the rectus abdominis flap based on the superior epigastric vasculature would be remote in most cases, other flaps such as pectoralis major and latissimus dorsi flaps will not reach to the wound and reconstructive surgery by using free tissue transfer would be required.
